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Abstract We synthesized derivatives with a selective reduction of the carboxyl group and the isolated carbonyl
group for the first time, along with derivatives with an isomerized 27, 28 carbon-carbon double bond and several
reductively aminated compounds, which have different acid-base properties than gambogic acid. The structures and
absolute configurations of all the compounds were determined by means of NMR and IR spectroscopy and HRMS. In
in vitro cell proliferation assays against three human cancer cell lines (HL-60, BEL-7402 and A-549) , all the tested
compounds showed similar inhibitory activity as that of gambogic acid, with low cytotoxicity to normal cells. This
work may facilitate the development of structurally modified derivatives as potential anticancer drugs.

Keywords Gambogic acid; Aminated derivatives; Regioselective reduction; Antitumor activities ; Cytotoxicity

KR T AT A= 2 06 Mk 43 - B EE B UET . AR B W BB (Garcinia hanburyi ) 73 W6 4 JiE
W RE B A Z2 Rl R A W TE v, AR BUR BE L LR SPURYLVE T . B ¥ B2 (Gambogic acid, GA, %%

ke HBT: 2025-10-31. %4415 % H I : 2025-12-03.

BRRNMIA: BR A1, 2o, W, 2802, FE2NFEMED TR A B A6 PERFSY . E-mail: chenliyss@nankai.edu.cn
HeG I F : RHETT A SRR (b E S 23)CZDIC00260) 5T ) .

Supported by the Natural Science Foundation of Tianjin, China(No.23JCZDJC00260).

Chem. J. Chinese Universities, 2026, 47(3), 20250320 20250320(56/63)



. P4 s Hg g R

I l I CHEMICAL JOURNAL OF CHINESE UNIVERSITIES

¥4 UL Scheme 1) 1 Ay e 8 44 I B9 4% 0 36 12 1% 40
RETEMR N AN RS I A I R T, SR B X
it g L g BB R AR SRR B T e v R
TEE.

GA T HA m JEE 2 2254, A mhng
P42 e MURR G 4-48 2 = 3R [ 4. 3. 1. 0% 7 ] 38 b -2-filil
AR . Cai FHESE, WHEEEZ 5 =I5 b 4L
Yeph HAE W TE PR B ZE A BT, fRIEIR R S Sk
PR 25 AR Co i AR IR A O 2 | e R GA
FE YR I ) X PR P A A G E Y b S 2
0 535 L P G L e Ah, SR SRR GA Y
AT A IIRE A vk XIERAMRE TR . GA 2 FAAAE BB A9 1 K -8 K A T3 KX
3 A T O S ) o T, TR K XU T B RO BRI R, K X AB A RT  E S  A ih
P, T RK X C30 (R IE A T~ A A& (AN AL s BE AL ) X1 4 T .35 5 i '), 4R i X Sk T RN 2 40
FRESE AR . (AT AR, o, B- A FIEISEFIAY 9, 10 RERRASR XUHNT I T2 3% P HA P E YA F——1f
FE 2 S ETE I S T DR e Al k1

GAER —Fh AR BU ISR 5y, DRIV Ak 2 L 1 o J03 e e e P 2 5 fml A, e LI AR 10, P 32 3] PR
il X GA MEA T A HL Y 25 A b vT DAk LR AR 5, AT S 2 25, o C32/C33
C37/C38 XU AV IR A5 F 7, B C34/C39 5| AL, ¥ymT DL 25 mid otk . esh, i wHse
1 GA il 28 BLAOK I, Bk 240 b, 4 e 7 AR YR R Al

GA B M0 T BI S Z A ORI A, FACER B MR 22, TR T 5 R A 2 hE
TR R A0 3 2 S5 R4 R M 5 16 P R P i el >k B Rk R . FRTEE X C30 A2 i fh A A& M A R
TR SR RN . RRARSERE A AR B RS P A i A, A SCH IR IRiE T €30 5 C12
DR N LA B C30 7 BB Ml A= i 5 SV, B e AL GA 280 F il 24 I sk ms .

1 SEIRERS

1.1 RAFE5E

FEEE AR , T B EE AR 0 B A5 21 5 1- 2 6- (3- W R S N 30 ) Bt — 3 e R & (EDCT) |
4- T FEENMENE (DMAP) . — 5 THA4k47 (DIBAL-H, 1.2 mol/L F V) « 2,2,6,6-PU FH EL0EIE 4 4L
PI(TEMPO) , BL( TSI ) MU (BAIB) | Aok, R 1R — F A — 2 R I &L fh il , 40 98%, Lifg
EERS EARHE R A PR E 5 A TREEN . B U ER N . LAY . BRIREAN . O B A b
AR TR R, Abral, R e fb s RA F

Bruker Tensor 27 BIZT AP EFEAL (IR) | Bruker AV300/400 B g 247 0 3% (NMR) A1 Bruker Daltonics
APEXII 47e FT-ICR B JFEHE{L (HRMS) , 7 FEl A1 6 78 [ AR A )
1.2 LR

HARMEA Y 1~8 1A AU 2R 4l Scheme 2 TS
12,1 WER 128 46K  BFHEFEER (200 mg, 0. 32 mmol) . FIFE(15 mg, 0. 47 mmol) . EDCI(122 mg,
0. 64 mmol) & DMAP(39 mg, 0. 32 mmol) % f# T 10 mL & FFkerh, i FHRE 30 min. 5500 A
10 mL7kH, FHZ S BEAEH, GIFAHUAE, ST R . M- 2t 20T (i 2R &
RIAFLL 16: 1) 4k, 15 F] (Al 1 A 2.
122 HARa43fmstha ik FFHmEA 1(50 mg, 0.078 mmol)IFEME T 5 mL & H ki, T-78 'CTF
ZENIIA 55 T HA b5 (DIBAL-H, 0. 195 mmol, 160 pL, 1.2 mol/L F AW ). ¥4 R4 7EAH [H]
T IR S ~ 6 h, HE R 2 5 (TLC) Wa D S bR . FOn 5E 58, FTRANTG £ MR /K I K

Scheme 1 Structure of gambogic acid
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Scheme 2 General route for the syntheses of compounds 1—8
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Scheme 3 General route for the syntheses of compounds 9—11
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Table 1 Appearance, yields, melting points(m. p.) and HRMS data of compounds 1—10

Compd. Appearance Yield“(%) m. p./’C m/z[ M+Na]*
1 Orange crystal 66 97—99 665.3091(665.3089)
2 Orange amorphous solid 14 — 665.3091(665.3084)
3 Orange amorphous solid 4 — 667.3247(667.3236)
4a Orange amorphous solid 8 — 641.3454(641.3454)
4h Orange amorphous solid 8 — 641.3454(641.3449)
Orange amorphous solid 83 — 639.3298(639.3296)
6 Orange amorphous solid 57 — 639.3298(639.3296)
Orange amorphous solid 98 — 637.3142(637.3136)
8 Orange amorphous solid 47 — 637.3142(637.3141)
9 Orange amorphous solid 4 — 644.3951(644.3949)
is0-9" Orange amorphous solid 22 — 644.3951(644.3951)
10’ Orange amorphous solid 43 — 686.4058(686.4056 )
iso-10" Orange amorphous solid 11 — 686.4056(686.4053)
1’ Orange amorphous solid 37 — 699.4374(699.4374)

a. Isolated yields; b. HRMS data of compounds 9, is0-9, 10, is0-10 and 11 were measuered by [ M+H ™.

Table 2 'H NMR and “C NMR data of compounds 1—10

Compd. 'H NMR (400 MHz, CDCl,), & C NMR(101 MHz, CDCL,), 6

1 12.85(s, 1H), 7.54(d, J=6.9 Hz, 1H), 6.68(d, J=10.1 Hz, 1H), 5.93(1d, J=7.4, 203.5, 179.0, 167.3, 161.3, 157.6, 136.1,
1.3 Hz, 1H), 5.44(d, J=10.2 Hz, 1H), 5.10—5.00(m, 2H), 3.48(dd, J=6.8, 4.6 135.0, 133.6, 131.9, 131.5, 127.8, 124.5,
Hz, 1H), 3.43(s, 3H), 3.31(dd, J=14.6, 8.0 Hz, 1H), 3.15(dd, J=14.6, 5.3 Hz, 123.8, 122.2, 115.9, 107.5, 102.5, 100.5,
1H), 3.07—2.92(m, 2H), 2.52(d, J=9.3 Hz, 1H), 2.31(dd, J=13.4, 47 Hz, 909, 83.9, 83.7, 81.3, 51.1, 49.1, 46.8,
1H), 2.03(dd, J=16.2, 7.3 Hz, 2H), 1.83—1.76(m, 1H), 1.74(s, 3H), 1.69(s, 42.1, 29.9, 29.1, 28.8, 28.0, 25.8, 25.7,
3H), 1.67(d, J=1.2 Hz, 3H), 1.65(s, 3H), 1.65(s, 3H), 1.62—1.58(m, 1H), 25.1, 22.7, 21.6, 20.9, 18.1, 17.6
1.55(s, 3H), 1.44(s, 3H), 1.38(dd, J=13.4, 9.6 Hz, 1H) , 1.29(s, 3H)

2 12.79(s, 1H), 7.52(d, J=6.9 Hz, 1H), 6.67(d, J=10.1 Hz, 1H), 6.37(t, J=7.4 2029, 179.0, 167.6, 161.2, 157.6, 157.4,
Hz, 1H), 5.45(d, J=10.1 Hz, 1H), 5.13(t, J=6.1 Hz, 1H), 5.06(t, J=6.7 Hz, 135.2, 134.3, 133.4, 131.9, 131.7, 1294,
1H), 3.65(s, 3H), 3.53—3.48(m, 1H), 3.25(d, J=6.5 Hz, 2H), 2.62(d, J=7.6 124.8, 123.8, 122.2, 115.9, 107.8, 102.8,
Hz, 2H), 2.52(d, J=9.4 Hz, 1H), 2.34(dd, J=13.5, 4.4 Hz, 1H), 2.10—1.97(m, 1004, 90.7, 83.7, 83.7, 81.3, 51.7, 49.1,
2H), 1.79(dd, J=14.3, 8.2 Hz, 1H), 1.74(s, 3H), 1.71(s, 3H), 1.65(s, 6H), 1.63 46.9, 41.9, 30.0, 29.0, 28.9, 27.5, 25.7,
—1.58(m, 1H), 1.55(s, 3H), 1.42(s, 3H), 1.39—1.32(m, 4H), 1.29(s, 3H) 25.7,25.4,22.7,21.6, 18.1, 17.6, 11.8

3 13.02(s, 1H), 7.65(d, J=7.2 Hz, 1H), 6.68(d, J=10.1 Hz, 1H), 5.96(t, J=6.8 180.0, 167.8, 161.0, 1582, 157.6, 142.4,
Hz, 1H), 5.43(d, J=10.1 Hz, 1H), 5.12—5.00(m, 2H), 3.54(s, 3H), 3.33(dd, 136.0, 131.8, 131.3, 131.0, 129.1, 124.4,
J=14.8, 7.8 Hz, 1H), 3.29—3.26(m, 1H), 3.23(dd, J=15.4, 4.4 Hz, 1H), 3.04 123.8, 122.6, 116.0, 107.4, 102.4, 100.2,
(d, J=5.6 Hz, 1H), 2.93—2.88(m, 1H), 2.84(dd, J=16.4, 6.4 Hz, 1H), 2.61(dd, 92.7, 84.5, 84.1, 81.1, 71.1, 51.1, 49.0, 42.0,
J=15.7, 7.8 Hz, 1H), 2.33(dd, J=14.2, 4.1 Hz, 1H), 2.17(d, J=10.0 Hz, 1H), 36.9, 34.3, 30.2, 28.4, 27.8, 25.7, 24.8, 22.7,
2.04(dd, J=15.9, 7.8 Hz, 2H), 1.84—1.76(m, 7TH), 1.74(s, 3H), 1.65(s, 3H), 21.9,20.9, 18.1,17.6
1.63(s, 3H), 1.62—1.58(m, 1H), 1.55(s, 3H), 1.54(s, 3H), 1.43(s, 3H), 1.40—

1.36(m, 1H)
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Continued

Compd.

'H NMR (400 MHz, CDCL,), &

C NMR(101 MHz, CDCL,), 8

4a

4b

12.14(s, 1H), 6.63(d, J=10.1 Hz, 1H), 5.42(d, J=10.1 Hz, 1H), 5.31—5.22(m,
1H), 5.17(t, J=6.6 Hz, 1H), 5.06(t, J=7.0 Hz, 1H), 4.08(d, J=11.7 Hz, 1H),
3.64—3.60 (m, 2H) , 3.34(dd, J=11.7, 7.2 Hz, 1H), 3.28(d, J=6.7 Hz, 2H),
2.64(br, 2H) 2.43(d, J=9.6 Hz, 1H), 2.36(dd, J=13.6, 10.0 Hz, 1H), 2.29(d,
J=14.4 Hz, 1H), 2.13(dd, J=13.5, 7.0 Hz, 1H), 2.05(dd, J=15.7, 7.8 Hz, 2H),
1.97(dd, J=12.5, 4.5 Hz, 1H), 1.90(d, J=10.2 Hz, 1H), 1.84—1.73(m, 12H),
1.69(s, 3H), 1.65(s, 3H), 1.63—1.58(m, 1H), 1.56(s, 3H), 1.46(s, 3H), 1.42

(s, 3H)
12.02(s, 1H), 6.66(d, J=10.1 Hz, 1H), 5.54(t, J=7.8 Hz, 1H), 5.44(d, J=10.1

Hz, 1H), 5.14(t, J=7.3 Hz, 1H), 5.09(t, J=6.7 Hz, 1H), 4.31(d, J=11.7 Hgz,
1H), 3.90(d, J=11.7 Hz, 1H), 3.76(s, 1H), 3.34—3.21(m, 2H), 3.05—2.92(m,
2H), 2.76(br, 2H), 2.54(d, J=13.6 Hz, 1H), 2.39—2.27(m, 2H), 2.16—2.02(m,
3H), 1.88(s, 3H), 1.77(s, 5H), 1.70—1.54(m, 11H), 1.49(dd, J=14.6, 9.9 Hz,
1H), 1.39(s, 3H), 1.38(s, 3H), 1.36(s, 3H)

13.00(s, 1H), 7.66(d, J=7.2 Hz, 1H), 6.68(d, J=10.1 Hz, 1H), 5.44(d, J=10.1
Hz, 1H), 5.20(t, J=7.9 Hz, 1H), 5.12—5.02(m, 2H), 4.15(d, J=11.9 Hz, 1H),
3.72(d, J=11.5 Hz, 1H), 3.42—3.27(m, 3H), 2.97—2.89(m, 1H), 2.77(d, J=4.1
Hz, 1H), 2.62(dd, J=14.0, 9.0 Hz, 1H), 2.43—2.30(m, 2H), 2.20(d, J=10.0 Hz,
1H), 2.10—1.99 (m, 2H), 1.90—1.70 (m, 11H), 1.65(s, 3H), 1.64(s, 3H),
1.63—1.58(m, 1H), 1.56(s, 3H), 1.52(s, 3H), 1.43(s, 3H), 1.30(dd, J=14.0,
10.4 Hz, 1H)

12.99(s, 1H), 7.62(d, J=7.2 Hz, 1H), 6.68(d, J=10.1 Hz, 1H), 5.44(d, J=10.1
Hz, 1H),5.24(t, J=6.8 Hz, 1H), 5.11(t, J=6.7 Hz, 1H), 5.06(t, J=7.1 Hz, 1H),
3.83(m, 2H), 3.32(d, J=7.7 Hz, 3H), 2.95—2.86(m, 1H), 2.42(dd, J=14.6,
5.8 Hz, 1H), 2.34(dd, J=14.1, 4.1 Hz, 1H), 2.21—2.12(m, 2H) , 2.05 (dd,
J=15.6, 7.8 Hz, 2H), 1.82—1.77(m, 4H), 1.75(s, 3H), 1.65(s, 6H), 1.63—
1.57(m, 1H), 1.56(s, 3H), 1.53(s, 3H), 1.42(s, 3H), 1.40(s, 3H), 1.30—1.23
(m, 1H)

12.96(s, 1H), 9.89(s, 1H), 7.68(d, J=7.2 Hz, 1H), 6.67(d, J=10.1 Hz, 1H),
6.41(1, J=7.8 Hz, 1H), 5.44(d, J=10.1 Hz, 1H), 5.10—5.02(m, 2H), 3.41—3.28
(m, 2H), 3.24(dd, J=14.7, 5.1 Hz, 1H), 3.02(d, J=5.8 Hz, 1H), 3.01—2.92(m,
2H), 2.48(dd, J=14.6, 8.4 Hz, 1H), 2.35(dd, J=14.2, 4.0 Hz, 1H), 2.21(d, J=
10.0 Hz, 1H), 2.05(dd, J=15.6, 7.8 Hz, 2H), 1.83—1.77(m, 4H), 1.76(s, 3H),
1.69(s, 3H), 1.65(s, 6H), 1.62—1.57(m, 1H), 1.56(s, 3H), 1.53(s, 3H), 1.44
(s, 3H), 1.31(dd, J=14.0, 10.5 Hz, 1H)

12.99(s, 1H), 9.34(s, 1H), 7.69(d, J=7.1 Hz, 1H), 6.67(d, J=10.1 Hz, 1H),
6.50(t, J=7.1 Hz, 1H), 5.45(d, J=10.1 Hz, 1H), 5.10—5.01(m, 2H), 3.32(dd,
J=14.4, 7.6 Hz, 1H), 3.24(dd, J=14.1, 5.2 Hz, 2H), 3.05(d, J=5.8 Hz, 1H),
2.98—2.91(m, 1H), 2.76(dd, J=15.4, 7.3 Hz, 1H), 2.35(dd, J=14.3, 3.8 Hz,
1H) , 2.26 (dd, J=15.6, 7.2 Hz, 1H), 2.21 (d, J=10.1 Hz, 1H), 2.04 (dd,
J=15.4, 7.4 Hz, 2H), 1.81(s, 3H), 1.79—1.75(m, 1H), 1.74(s, 3H), 1.65(s,
3H), 1.66—1.62(m, 1H), 1.62(s, 3H), 1.55(s, 9H), 1.42(s, 3H), 1.35—1.25
(m, 1H)

13.04(s, 1H), 7.63(d, J=7.2 Hz, 1H), 6.68(d, J=10.1 Hz, 1H), 5.44(d, J=10.1
Hz, 1H), 5.17(t, J=6.6 Hz, 1H), 5.10(t, J=6.4 Hz, 1H), 5.07(t, J=7.2 Hz, 1H),
3.33(d, J=6.4 Hz, 2H), 3.29(s, 1H), 2.94—2.89(m, 1H), 2.66(d, J=12.3 Hz,
1H), 2.53(d, J=12.4 Hz, 1H), 2.47(dd, J=14.4, 6.5 Hz, 1H), 2.34(dd, J=14.0,
4.0 Hz, 1H), 2.19—2.14(m, 2H), 2.10—2.02(m, 8H), 1.83—1.77(m, 4H), 1.76
(s, 3H), 1.65(s, 6H), 1.63(s, 3H), 1.62—1.59(m, 1H), 1.56(s, 3H), 1.52(s,
3H), 1.42(s, 3H), 1.34—1.28(m, 1H)

196.2, 160.5, 158.2, 155.6, 140.4, 131.9,
131.8, 124.7, 123.8, 121.8, 120.2, 115.9,
107.4, 102.2, 101.8, 90.0, 86.5, 82.5, 81.0,
76.5, 61.1, 51.3, 41.9, 40.1, 34.1, 30.3, 29.8,
274, 27.0, 26.3, 25.9, 25.7, 25.6, 22.8, 22.7,
21.8,18.2,17.6

196.3, 160.6, 1559, 155.7, 140.5, 131.8,
131.2, 124.9, 123.8, 122.6, 120.7, 116.0,
108.3, 102.5, 102.2, 89.4, 85.5, 83.0, 80.8,
75.8, 61.3, 43.6, 41.8, 39.9, 31.6, 29.7, 29.5,
27.1, 26.4, 25.7, 25.7, 25.3, 24.4, 22.8, 22.7,
21.7,18.1, 17.6

180.0, 161.3, 158.3, 157.6, 142.4, 140.2,
131.9, 131.8, 131.0, 124.6, 123.8, 122.3,
120.2, 115.9, 107.5, 102.5, 100.3, 92.4, 84.5,
84.3, 81.2, 70.8, 61.2, 49.1, 42.1, 36.7, 32.2,
30.2, 28.4, 27.8, 25.7, 25.7, 24.9, 22.7, 22.5,
21.9,18.2,17.6

180.3, 161.1, 1584, 157.5, 142.0, 138.3,
131.9, 131.5, 131.3, 124.6, 123.8, 122.5,
118.3, 116.0, 107.6, 102.4, 100.3, 92.6, 84.9,
83.9, 81.1, 70.4, 68.4, 49.1, 42.0, 36.9, 32.2,
30.3, 28.5, 27.6, 25.7, 25.7, 25.0, 22.7, 21.9,
18.2, 17.6, 13.7

190.4, 179.7, 161.3, 157.9, 157.6, 1425,
140.8, 138.5, 131.9, 131.8, 130.8, 124.7,
123.8, 122.3, 115.8, 107.4, 102.7, 100.1,
92.5, 84.4, 84.1, 81.3, 70.8, 49.1, 42.0,
36.9, 31.2, 30.1, 28.5, 27.7, 25.7, 25.7,
249,227,219, 182, 17.6, 16.7

194.8,
142.7, 141.2, 131.9, 131.8, 130.8, 1248,
123.8, 122.3, 115.9, 107.5, 102.7, 100.2,
92.6, 84.5, 84.2, 81.3, 71.5, 49.0, 42.0, 37.0,
34.0, 30.2, 28.6, 27.7, 25.7, 25.7, 24.9, 22.7,
21.9,18.2,17.7,9.3

179.7, 161.3, 157.9, 157.7, 147.2,

180.1,
131.9, 1314, 131.2, 124.5, 123.8, 122.6,
121.8, 116.0, 107.4, 102.4, 100.3, 100.0,
92.6, 84.7, 83.7, 81.1, 70.5, 59.7, 49.2, 45.2,
420, 36.9, 32.2, 30.3, 28.5, 27.7, 25.8, 25.6,
25.0,23.0,22.7,22.0, 18.2, 17.6

161.0, 158.4, 157.6, 142.0, 136.2,
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Compd. 'H NMR (400 MHz, CDCl,), 8 3C NMR(101 MHz, CDCL,), &
iso-9 13.04(s, 1H), 7.61(d, J=7.1 Hz, 1H), 6.67(d, J=10.1 Hz, 1H), 5.43(d, J= 179.1, 160.0, 157.4, 156.6, 140.9, 135.8,
10.1 Hz, 1H), 5.15—5.03(m, 3H), 3.32(d, J=6.1 Hz, 2H), 3.25(s, 1H), 3.01 130.8, 130.4, 130.2, 123.5, 122.8, 121.6,
(br, 1H), 2.90—2.86(m, 1H), 2.62(q, J=12.2 Hz, 2H), 2.46(dd, J=14.4, 6.4 119.6, 115.0, 106.5, 101.4, 99.3, 91.5, 83.9,
Hz, 1H), 2.33(dd, J=14.0, 3.7 Hz, 1H), 2.21—1.99 (m, 10H), 1.83—1.70 82.6, 80.0, 69.3, 67.9, 48.2, 44.1, 41.0, 35.9,
(m, 7H), 1.69—1.59(m, 7H), 1.55(s, 3H), 1.51(s, 3H), 1.47(s, 3H), 1.42 31.4, 29.3, 28.7, 27.5, 26.6, 24.7, 24.6, 24.1,
(s, 3H), 1.35—1.25(m, 1H) 21.7,20.9, 17.2, 16.6, 14.0
10 13.03(s, 1H), 7.63(d, J=6.9 Hz, 1H), 6.68(d, J=10.1 Hz, 1H), 5.43(d, J= 180.1, 161.0, 158.4, 157.6, 1419, 1354,
10.1 Hz, 1H), 5.20(t, J=6.9 Hz, 1H), 5.14—5.03(m, 2H), 3.65—3.53(m, 131.8, 131.4, 131.3, 124.5, 123.8, 122.5,
4H), 3.33(d, J=5.6 Hz, 2H), 3.30(s, 1H), 3.09 (br, 1H), 2.95—2.88(m, 122.0, 116.0, 107.4, 102.4, 100.3, 92.6, 84.7,
1H), 2.69(d, J=12.4 Hz, 1H), 2.56(d, J=12.4 Hz, 1H), 2.45(dd, J=14.1, 83.8, 81.1, 70.5, 67.0, 58.9, 53.4, 49.2, 42.0,
5.9 Hz, 1H), 2.38—2.30(m, 1H), 2.27—2.13(m, 6H), 2.11—2.01(m, 2H), 36.9, 32.3, 30.3, 28.5, 27.7, 25.8, 25.6, 25.0,
1.80—1.73(m, 1H), 1.78(s, 3H), 1.76(s, 3H), 1.65(s, 6H), 1.62(s, 3H), 23.3,22.7,22.0, 18.2,17.6
1.62—1.56 (m, 1H), 1.56 (s, 3H), 1.52(s, 3H), 1.42(s, 3H), 1.37—1.28
(m, 1H)
iso-10  13.04(s, 1H), 7.61(d, J=7.2 Hz, 1H), 6.68(d, J=10.1 Hz, 1H), 5.44(d, J= 180.0, 161.0, 158.4, 157.5, 141.9, 1356,
10.1 Hz, 1H), 5.17—5.08 (m, 2H) , 5.06 (1, J=7.8 Hz, 1H), 3.68—3.58 (m, 131.8, 131.4, 1312, 124.5, 123.8, 122.6,
4H), 3.32(d, J=6.3 Hz, 2H), 3.25(s, 1H), 3.01(d, J=4.8 Hz, 1H), 2.94— 120.9, 116.0, 107.5, 102.4, 100.3, 92.5, 84.9,
2.87(m, 1H), 2.68(s, 2H), 2.44(dd, J=14.5, 6.2 Hz, 1H), 2.33(dd, J=14.1, 83.7, 81.1, 70.3, 67.6, 67.0, 53.4, 49.2, 42.0,
3.8 Hz, 1H), 2.26—2.17(m, 4H), 2.14(dd, J=13.4, 8.5 Hz, 2H), 2.09—2.02 36.9, 32.4, 30.3, 28.5, 27.6, 25.7, 25.7, 25.1,
(m, 2H), 1.82—1.76 (m, 4H), 1.75(s, 3H), 1.65(s, 3H), 1.64(s, 3H), 22.7,21.9,18.2,17.6, 15.1
1.62—1.59(m, 1H), 1.56(s, 3H), 1.52(s, 3H), 1.45(s, 3H), 1.42(s, 3H),
1.31—1.25(m, 1H)
11 13.02(s, 1H), 7.60(d, J=7.1 Hz, 1H), 6.65(d, J=10.1 Hz, 1H), 5.40(d, J= 180.2, 161.1, 158.5, 157.7, 142.1, 136.0,
10.1 Hz, 1H), 5.14(t, J=6.9 Hz, 1H), 5.11—4.97 (m, 2H), 3.38—3.02(m, 132.0, 131.5, 131.4, 124.5, 124.0, 122.7,
4H), 2.87(s, 1H), 2.67(d, J=12.5 Hz, 1H), 2.55(d, J=12.7 Hz, 1H), 2.45— 1219, 116.2, 107.6, 102.5, 100.4, 92.8,
2.10(m, 15H), 2.07—1.97(m, 2H), 1.80—1.78(m, 1H), 1.75(s, 3H), 1.72 849, 83.9, 812, 70.6, 58.7, 55.2, 53.0,
(s, 3H), 1.62(s, 6H), 1.61—1.58(m, 1H), 1.57(s, 3H), 1.53(s, 3H), 1.49 493, 46.1, 422, 37.1, 32.4, 30.5, 28.7,
(s, 3H), 1.40(s, 3H), 1.38—1.31(m, 1H) 27.9, 25.9, 25.8, 25.2, 23.6, 22.8, 22.1, 18.4,
17.8
1.2.6  JEMEMAK il 3-(4,5- " FEBEME 238 ) -2, 5- T K HE- 2 H-PU M AL ) (MTT ) 40 g 1 A S 06

PEAL T BT & U R (GA) AT A= 905 HL-60 (A LW 4 I8 ) . BEL-7402 (A 40 ) & A-549 (A iR
FEANNE ) 3 FhIRE A At 2R RSN IRETE P , S5 R81F 3 3. E—20E T GA T A% A-549 (A i
4B 2R ) A HELF-6 (AR sLEF4EANIE ) 592 Bam il & (1C,,) , 4515 F 3 4.

Table 3 In vitro inhibition(%) of cancer cell proliferation by GA derivatives”

. HL-60 BEL-7402 A-549
Compd. 107 mol/L. 107> mol/L. 107 mol/L. 1077 mol/L, 10 mol/L. 107> mol/L. 107 mol/L. 10 mol/L. 107> mol/L. 107 mol/L.
2 57.5 79.7 84.5 9.2 55.0 57.6 0 87.0 94.5 88.2
5 774 80.6 79.8 29.4 82.1 73.3 10.5 95.0 96.9 86.1
6 69.6 81.6 84.9 17.9 79.0 59.1 0 92.6 96.8 86.7
7 77.9 74.6 65.3 25.2 77.1 26.0 15.2 96.3 96.4 51.4
8 76.3 75.0 81.7 20.9 80.0 64.2 11.3 96.3 97.0 87.8
9 59.7 75.5 84.9 21.1 87.7 86.6 10.3 91.6 97.6 3.7
10 61.4 82.7 82.6 27.1 75.9 50.0 28.2 93.0 96.4 67.8
11 45.1 81.0 86.7 27.5 85.1 93.1 20.9 88.0 97.1 42
GA 80.7 84.6 85.5 57.0 90.8 94.2 12.5 95.4 96.4 79.8
* Inhibition rate was calculated by the formula : inhibition rate of proliferation (% )=—¢t! RECTENT %x100%.
control
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Table 4 In vitro IC,(pmol-L™) by GA derivatives

Compd. A-549 HELF-6 Compd. A-549 HELF-6
2 6.3+1.6 28.3+3.1 9 9.4+3.2 47£3.4
3 3.1+0.0 33.0+7.7 10 3.9+0.0 77.0£22.6
5 1.8+0.0 4.9+0.0 11 6.1+0.0 68.0+11.8
6 6.5+1.6 11.4+0.0 is0-9 8.6+3.2 134.2+8.8
7 2.4+0.0 3.2+1.6 iso-10 1.2+0.0 22.6+2.6
8 2.1+0.0 4.9+1.6 GA 1.1+0.0 4.8+1.6

2 HFR5WR

21 EREFRIE

FEFTIR (GA) R AT B BERT AR 4 B34S, RICR L 5%, AR RET GA /- FH C30RAE Y
CI2 FRILAY5E B0 . DL 4- — H & JEE e (DMAP) AAEALT], 1-236-3-(3- B & 3L N 3% ) Bk — W%
(EDCD) MARAH, GA 5 H i Sz 1y A R 32 P G 1 b S R 2(Scheme 1), =400 A S B0 8 2506
AT - 25 “CRMEA I 1 5 2B /R EER 5115 0 “CHE 728 Ak & 1 (L& 2 AU A2 i) 5 TR >
35 “CHI WA Ak & 2. AT PC NMR SR IAE G902 Jy E-F B S A 44, I C26, €27 F1C29 (1)
BB TS 1 RIAHEE RIS, 53R (26 | HE ) 5B v R ik 1l A fb— 2L

ARG W LS FE RIS PR, SR 5 T3R5 (DIBAL-H) XS H g 1 #E1 138 )5, 4 DIBAL-H
P < 345, %A kPR VE A I W 3, DIBAL-H & > 5% R, 9, 10- XU kR I, 2E
AL A Y 4a 1 4b ("H NMR 3% #1118 7. 43 5 512K ) 5 DIBAL-H F 8 R 4. S A5 i, 5 ik
5 (83.3%). i3 DEPT 135, HMQC, HMBC ji 2 iIF 45 5 5 15 SCHk B8 % b (A SC 2 F55 B
KS12~S14), BHH TALA93, 5, 4a Fl14b 5 'H 5 °C NMR {55 0H)&8>. B2 5 A NOESY i (WAL 37
% BB S15) W8 H12 5 HI1(3.32, 2.94), H26(3.33, 1.81), OHI2 5 H21(2.76, 2.37) & H24
(2.76, 1. T2)FFAEAS M SEAR 5, UESE H12 5 C13 57 57 150 32k A 4k 143 7 [R]— ) LA SC 32 F5 5
’1S22). Z i ARFIBHEZ M, DIBAL-HIEPE S+ e IR C12 3 FE , ARl C12 S B — A9 R = . b5
4a ) NOESY it (WA ST 745 BLEI S21) B, H9 5 H22(3. 33, 2.43) K H10a(3. 32, 1. 96) fEAE23 A4
KeAES, WFSZHO H B-F VA (WA S H (5 K S22). 45k FH 4. 5454 DIBAL-H ZbFEH S 2 B, %84
6.

Sy it — 2 R C30 BT A W, A BIRHAL A 0 5 RN 6 (AR R A T i B S AL R . LA
TEMPO 5 BAIB NEAULIK R, &R0 B T EESRAG A T8, ORI (Scheme 2).

FETFRE AT, 38 8 JF R R W T e A9 9~11(Scheme 3). 4Nl BE>25 “CHY, 4
A A D 5 41 B B SRR is0-9 5 iso-10; T 246 <0 °C B, ARAM BN S W iso-11 FAERL. ik
SEIRRH, Z-A R ) E-A R AL I TE AL RERNAIG, H - I 2 e T X
22 EYIiEMENYXER

APTE AL R B, A LAY HARAIAR ZR A slTE S GA MY . FUATW S, C30R3Ew;
W AR (LAY S) B E Y T) Sk 5L (b AP 9~11) J5 , BUss s s PE R 52 & 5
C27 5 C28 [ AR Uty Z 5% R E(ALE 0 2, 6 F18) IR FH i i B 1 1 . RS ik — 2 0E S, C309R
SR B X IR ATREA S 5 GA 5 S 2s &0,

CI12 BRBAAR IO R AT A=) Ak &4 3, 4a, 4b, 5F16) % 3 Ffrited 40 it 22 (9362 5 GA FHIE .
NOESY i3 Mra R0, C12 8560 T F a1, Hgl ABIGIN T /0 FHetk, (HARXE ™4 B35
i) . XL A Il S s 24 3 A

GA S AT 1C, [E I E 25 5 R, BT 8t G %t AS549 4 it i) 20 i 2 1k Lk GA BRI R
1065, Hrh b &9 iso-10 BI7E 5 GA RS ; WX T HELF-6 IEW 4MIE R, fk5492, 3, 9, 10, 11, iso-9
K iso-10 BIANMEFEVE B A T GA. 1 HA L (45 XoF vy 40 e [ S il 5P A TR Bt Ak ke 1 4
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MR FEPE AR, 2P, C30 I A SEIUCHINTAE Y (AL 54 9~11) Sl PRI MR 25 ik 1142
BETRUE, ATVE ) mAUIREE GA R I BT R RSB 2R

3 & i

=H

T GA 5 P as i 2 2 H 3 Z2 U ET RE AT, g S 0L 25 14 vl REIRI IS e M 2 ANV PR A . AR
F 5% 38 1 P58 R ) DIBAL-H A4 FH R, S200 1 ) GA B2 35 9IS R e ) IX e bl b 5, HR B R H:
o, B- AN TN X —AERF A Wy iE PR OB SE A . s A SR s e RO, B T — R EA S
GA A [E BR A R e e e AL A7 2B 9 . 11 HL-60, BEL-7402, A-549 K HELF-6 45 2 Jifl 28 B8 741
SERSVEAS TR A ITENE . G5 RERT, FrA AR A 6T 3 R0 bR A A AR A RS S GA AR, HLXT
1EH A 2R HELF-6 (3 B PG . X ST A AR B T GA OB MR 16 1, i SR AR Y 2 4
PR, ARSI 20T R B B .

X #1z & W http://www.cjcu.jlu.edu.cn/CN/10.7503/cjcu20250320.
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